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APPLICATION OF DIFFERENTIAL
THERMAL CONTRACTION TO OBTAIN
IMPROVED CRYOGENIC INTERFACIAL

CONTACT

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

[0001] This invention was made with U.S. Government
support. The U.S. Government has certain rights in this
ivention.

BACKGROUND

[0002] The present invention relates to fasteners, and more
specifically, utilizing the thermal contraction of different
maternials to self-fasten at cryogenic temperatures.

[0003] The eflicient design of systems for cryogenic appli-
cations requires the extraction of any heat produced. Extrac-
tion of heat across interfaces 1s proportional to the thermal
conductance of the interface between them. It 1s therefore
desirable to have a high thermal conductance of interfaces in
the thermal path between the generated power and the
cryogenic heat sink. It 1s well known that this conductance
increases as the force between surfaces is raised. Such forces
are conventionally applied by tightening screws or bolts.
While high conduction can be obtained across interfaces
using conventional clamping, such as with screws and bolts,
this approach may not be practical, for example when other
design constraints and considerations limit access to those
components. Even when access to these components 1is
possible, precise tightening of multiple components may be
laborious and/or impractical.

BRIEF SUMMARY

[0004] Additional aspects and/or advantages will be set
forth 1n part 1n the description which follows and, 1n part,
will be apparent from the description, or may be learned by
practice of the invention.

[0005] An apparatus comprising a first component com-
prised of a first material, wherein the first material has a first
thermal contraction property. A second component com-
prised of a second material, wherein the second material has
a second thermal contraction property, wherein the second
component has an opening where a portion of the first
component 1s inserted into at room temperature. Wherein the
second thermal contraction property 1s larger than the first
thermal contraction property and when at cryogenic tem-
peratures, the first component and second component con-
strict, wherein the second component constricts more than
the first component causing the second component to exert
a constricting force on the portion of the first component
inserted into the opening of the second component.

[0006] An apparatus comprising a protrusion extending
from a first component, wherein the protrusion of the first
component 1s comprised of a first material, wherein the first
material has a first thermal contraction property. A recessed
area located 1n second component to receive the protrusion
of the first component, wherein the second component is
comprised of a second material, wherein the second material
has a second thermal contraction property, wherein the
second component has an opening where a portion of the
first component 1s 1inserted mnto at room temperature.
Wherein the second thermal contraction property 1s larger
than the first thermal contraction property, and when at
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cryogenic temperatures, the first component and second
component constrict, wherein the second component con-
stricts more than the first component causing the second
component to exert a constricting force on the portion of the
first component inserted into the opening of the second
component.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The above and other aspects, features, and advan-
tages ol certain exemplary embodiments of the present
invention will be more apparent from the following descrip-
tion taken 1n conjunction with the accompanying drawings,
in which:

[0008] FIG. 1 represents a view depicting a clamping
design, according to an example embodiment.

[0009] FIG. 2 represents a view depicting a clamping
design, according to an example embodiment.

[0010] Flements of the figures are not necessarily to scale
and are not intended to portray specific parameters of the
invention. For clanty and ease of illustration, dimensions of
clements may be exaggerated. The detailed description
should be consulted for accurate dimensions. The drawings
are 1tended to depict only typical embodiments of the
invention, and therefore should not be considered as limiting
the scope of the invention. In the drawings, like numbering
represents like elements.

DETAILED DESCRIPTION

[0011] Exemplary embodiments now will be described
more fully herein with reference to the accompanying draw-
ings, in which exemplary embodiments are shown. This
disclosure may, however, be embodied 1n many different
forms and should not be construed as limited to the exem-
plary embodiments set forth herein. Rather, these exemplary
embodiments are provided so that this disclosure will be
thorough and complete and will convey the scope of this
disclosure to those skilled in the art. In the description,
details of well-known features and techniques may be omit-
ted to avoid unnecessarily obscuring the presented embodi-

ments.
[0012] For purposes of the description hereinafter, terms
such as “upper”, “lower”, “right”, “left”, “vertical”, “hori-
zontal”, “top”, “bottom”, and derivatives thereot shall relate
to the disclosed structures and methods, as oriented 1n the
drawing figures. Terms such as “above”, “overlying”,
“atop”, “on top”, “positioned on” or “positioned atop” mean
that a first element, such as a first structure, 1s present on a
second element, such as a second structure, wherein inter-
vening elements, such as an interface structure may be
present between the first element and the second element.
The term “direct contact” means that a first element, such as
a first structure, and a second element, such as a second
structure, are connected without any intermediary conduct-
ing, insulating or semiconductor layers at the interface of the
two elements. As used herein, the term “same” when used
for comparing values of a measurement, characteristic,
parameter, etc., such as “the same width,” means nominally
identical, such as within industry accepted tolerances for the
measurement, characteristic, parameter, etc., unless the con-
text indicates a diflerent meaning. As used herein, the terms
“about,” “approximately,” “significantly, or similar terms,
when used to modily physical or temporal values, such as

length, time, temperature, quantity, electrical characteristics,
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superconducting characteristics, etc., or when such values
are stated without such modifiers, means nominally equal to
the specified value 1n recognition of varnations to the values
that can occur during typical handling, processing, and
measurement procedures. These terms are intended to
include the degree of error associated with measurement of
the physical or temporal value based upon the equipment
available at the time of filing the application, or a value
within accepted engineering tolerances of the stated value.
For example, the term “about” or similar can include a range
of £8% or 5%, or 2% of a given value. In one aspect, the
term “about” or similar means within 10% of the specified
numerical value. In another aspect, the term “about” or
similar means within 5% of the specified numerical value.
Yet, 1n another aspect, the term “about” or similar means
within 10, 9, 8, 7, 6, 3, 4, 3, 2, or 1% of the specified
numerical value. In another aspect, these terms mean within
industry accepted tolerances.

[0013] For the clanty of the description, and without
implying any limitation thereto, illustrative embodiments
may be described using simplified diagrams. In an actual
fabrication, additional structures that are not shown or
described herein, or structures different from those shown
and described herein, may be present without departing from
the scope of the illustrative embodiments.

[0014] Dafferently patterned portions in the drawings of
the example structures, layers, and formations are intended
to represent different structures, layers, materials, and for-
mations 1n the example fabrication, as described herein. A
specific shape, location, position, or dimension of a shape
depicted herein 1s not intended to be limiting on the 1llus-
trative embodiments unless such a characteristic 1s expressly
described as a feature of an embodiment. The shape, loca-
tion, position, dimension, or some combination thereot, are
chosen only for the clanty of the drawings and the descrip-
tion and may have been exaggerated, minimized, or other-
wise changed from actual shape, location, position, or
dimension that might be used 1n actual fabrication to achieve
an objective according to the illustrative embodiments.

[0015] An embodiment when implemented 1n an applica-
tion causes a fabrication process to perform certain steps as
described herein. The steps of the fabrication process are
depicted 1n the several figures. Unless such a characteristic
1s expressly described as a feature of an embodiment, not all
steps may be necessary 1n a particular fabrication process;
some fabrication processes may implement the steps in
different order, combine certain steps, remove or replace
certain steps, or perform some combination of these and
other manipulations of steps, without departing the scope of
the 1llustrative embodiments.

[0016] The 1llustrative embodiments are described with
respect to certain types ol materials, electrical properties,
structures, formations, layers orientations, directions, steps,
operations, planes, dimensions, numerosity, data processing
systems, environments, and components. Unless such a
characteristic 1s expressly described as a feature of an
embodiment, any specific descriptions of these and other
similar artifacts are not intended to be limiting to the
invention; any suitable manifestation of these and other
similar artifacts can be selected within the scope of the
illustrative embodiments.

[0017] The illustrative embodiments are described using
specific designs, architectures, layouts, schematics, and
tools only as examples and are not limiting to the 1llustrative
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embodiments. The illustrative embodiments may be used 1n
conjunction with other comparable or similarly purposed
designs, architectures, layouts, schematics, and tools.
[0018] For the sake of brevity, conventional techniques
related to microelectronic fabrication may or may not be
described i1n detail herein. Moreover, the various tasks and
process steps described herein can be incorporated mnto a
more comprehensive procedure or process having additional
steps or functionality not described in detail herein. In
particular, various steps in the manufacture of microelec-
tronic devices may be well known and so, 1n the interest of
brevity, many conventional steps may only be mentioned
briefly or may be omitted entirely without providing the
well-known process details.

[0019] In the {following descriptions, the term length
applies to dimensional characteristics along the x-axis.

[0020] In the {following descriptions, the term width
applies to dimensional characteristics along the y-axis.

[0021] In the following descriptions, the term thickness
applies to dimensional characteristics along the z-axis.

[0022] In the mterest of not obscuring the presentation of
embodiments of the present mnvention, i the following
detailed description, some processing steps or operations
that are known 1n the art may have been combined together
for presentation and for illustration purposes and 1n some
instances may have not been described in detail. In other
instances, some processing steps or operations that are
known 1n the art may not be described at all. It should be
understood that the following description is rather focused
on the distinctive features or elements of various embodi-
ments of the present invention.

[0023] Various processes used to form a micro-chip that
will be packaged 1nto an integrated circuit (IC) fall into four
general categories, namely, film deposition, removal/etch-
ing, semiconductor doping and patterning/lithography.
Deposition 1s any process that grows, coats, or otherwise
transiers a material onto the water. Available technologies
include physical vapor deposition (PVD), chemical vapor
deposition (CVD), electrochemical deposition (ECD),
molecular beam epitaxy (MBE) and more recently, atomic
layer deposition (ALD) among others. Removal/etching 1s
any process that removes material from the wafer. Examples
include etch processes (either wet or dry), and chemical-
mechanical planarization (CMP), and the like. Semiconduc-
tor doping 1s the modification of electrical properties by
doping, for example, transistor sources and drains, generally
by diffusion and/or by ion implantation. These doping
processes are lollowed by furnace annealing or by rapid
thermal annealing (RTA). Annealing serves to activate the
implanted dopants. Films of both conductors (e.g., poly-
silicon, aluminum, copper, etc.) and insulators (e.g., various
forms of silicon dioxide, silicon nitride, etc.) are used to
connect and 1solate transistors and their components. Selec-
tive doping of various regions of the semiconductor sub-
strate allows the conductivity of the substrate to be changed
with the application of voltage. By creating structures of
these various components, millions of transistors can be
built and wired together to form the complex circuitry of a
modern microelectronic device.

[0024] Reference will now be made 1n detail to the
embodiments of the present mvention, examples of which
are illustrated 1n the accompanying drawings, wherein like
reference numerals refer to like elements throughout. The
propose mvention 1s a self-clamping method whereby the
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clamping force arises from the diflerential thermal contrac-
tion ol component maternials. Ideally, these components can
be assembled and disassembled at room temperature with
zero clamping. The propose invention takes advantage of the
different thermal contractions of different materials. The
clamping force arises from the shrinking of the outer mate-
rial into the 1inner material, where the outer material shrinks
more than the inner materal.

[0025] FIG. 1 represents a view depicting a fastener
design, according to an example embodiment.

[0026] The self-clamping fastening system includes a first
component 110 and a second component 120. The first
component 110 1s comprised of a first material and the
second component 1s comprised of a second material. For
example, the first material can be silicon, tungsten, niobium,
or a different material. The second material can be, for
example, copper, aluminum, or another suitable material.
The first material and the second material are different and
the thermal constriction properties of the material are dif-
terent. As illustrated by FIG. 1, the second component 120
1s the clamping component, thus the second material will
need to have a higher thermal constriction property than the
first material. This means at cryogenic temperature the
second material will constrict more than the first material.

[0027] The first component 110 will have a protrusion that
extends out of the first component 110. The protrusion will
have two side sections 110B and 110C and have a top section
110A. The protrusion has a width W,. The design of the
protrusion as illustrated by FIG. 1 1s for example purposes
only. The protrusion can be circular, cylindrical, or any other
shape. The second component 120 1s designed to fit around
at least three sides of the protrusion. As illustrated by FIG.
1, the second component 120 includes a flat section 120A,
and two side sections 120B and 120C. The side sections
120B and 120C extend the opposite direction as the side
sections 110B and 110C of the protrusion of the first
component 110. A receiving section 120D 1s created by the
flat section 120A and the side sections 120B and 120C. The
receiving section 120D has a width W,. The width W, 1s
slightly larger than the width W, to allow the components
to slide together at room temperature. As the components are
cooled to cryogenic temperatures in the cryogenic refrigera-
tion unit the first component 110 and the second component
120 will constrict. Since the second material constricts more
than the first material, then the second component 120 will
clamp on/fasten to the protrusion of the first component 110.
This will provide a good contact area between the first
component 110 and the second component 120, thus allow-
ing for good thermal conductance between the components.

[0028] FIG. 2 represents a view depicting a clamping
design, according to an example embodiment. FIG. 2 1s
similar to FIG. 1 1n respect to the difference of materals.
FIG. 1 illustrates clamping on three sides of the protrusion
of the first component 110, while FIG. 2 illustrates clamping
on four sides of a protrusion. The first component will have
a protrusion 210 that extend out having a set dimension, for
example, having a width W, a height W, and a depth W..
The second component 220 will have a slot cut out in the
component to receive the protrusion of the first component
210. The slot in the second component 220 will have a set
of dimensions, for example, having a width W, a height W,
a depth W,. The dimensions of the slot in the second
component 220 1s slight larger than the dimension of the
protrusion of the first component 210, to allow for the
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protrusion to be inserted into the slot when at room tem-
perature. As the components are cooled to cryogenic tem-
peratures 1n the cryogenic relfrigeration unit the first com-
ponent 210 and the second component 220 will constrict.
Since the second material constricts more than the first
material, then the second component 220 will clamp on/fas-
ten to the protrusion of the first component 210. The second
component 220 will constrict/clamp on to four sides of the
protrusion of the first component 210. This will provide a
good contact area between the first component 210 and the
second component 220, thus allowing for good thermal
conductance between the components.

[0029] While the 1nvention has been shown and described
with reference to certain exemplary embodiments thereof, 1t
will be understood by those skilled in the art that various
changes in form and details may be made therein without
departing from the spirit and scope of the present invention
as defined by the appended claims and their equivalents.

[0030] The descriptions of the various embodiments of the
present 1nvention have been presented for purposes of
illustration, but are not intended to be exhaustive or limited
to the embodiments disclosed. Many modifications and
variations will be apparent to those of ordinary skill 1in the
art without departing from the scope and spirit of the
described embodiments. The terminology used herein was
chosen to best explain the principles of the one or more
embodiment, the practical application or technical improve-
ment over technologies found in the marketplace, or to
enable others of ordinary skill 1n the art to understand the
embodiments disclosed herein.

What 1s claimed 1s:
1. An apparatus comprising:

a first component comprised of a first material, wherein
the first material has a first thermal contraction prop-
erty; and

a second component comprised of a second matenal,
wherein the second material has a second thermal
contraction property, wherein the second component
has an opening where a portion of the first component
1s 1nserted into at room temperature;

wherein the second thermal contraction property is larger
than the first thermal contraction property;

when at cryogenic temperatures, the first component and
second component constrict, wherein the second com-
ponent constricts more than the first component causing
the second component to exert a constricting force on
the portion of the first component inserted into the
opening of the second component.

2. The apparatus of claim 1, wherein the second compo-
nent exerts a constricting force on three sides of the portion
of the first component.

3. The apparatus of claim 1, wherein the second compo-
nent exerts a constricting force on four sides of the portion
of the first component.

4. The apparatus of claim 1, wherein the first material can
be selected for a group consisting of Silicon, Tungsten,
Niobium, or another suitable material.

5. The apparatus of claim 4, wherein the second material
can be selected from a group consisting of Copper, alumi-
num, or another suitable material.

6. An apparatus comprising:

a protrusion extending from a first component, wherein
the protrusion of the first component 1s comprised of a
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first material, wherein the first material has a first
thermal contraction property; and

a recessed area located 1n second component to receive

the protrusion of the first component, wherein the
second component 1s comprised of a second material,
wherein the second material has a second thermal
contraction property, wherein the second component
has an opening where a portion of the first component
1s 1nserted 1nto at room temperature;

wherein the second thermal contraction property 1s larger

than the first thermal contraction property;

when at cryogenic temperatures, the first component and

second component constrict, wherein the second com-
ponent constricts more than the first component causing,
the second component to exert a constricting force on
the portion of the first component inserted into the
opening ol the second component.

7. The apparatus of claim 6, wherein the second compo-
nent exerts a constricting force on three sides of the portion
of the first component.

8. The apparatus of claim 6, wherein the second compo-
nent exerts a constricting force on four sides of the portion
of the first component.

9. The apparatus of claim 6, wherein the first material can
be selected for a group consisting of Silicon, Tungsten,
Niobium, or another suitable material.

10. The apparatus of claim 9, wherein the second material
can be selected from a group consisting of Copper, alumi-
num, or another suitable material.
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